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Pollution is a m ajor problem tha t  has negative effects  on  all  o f  the p lan e t’s ecosystem s, including 
the oceans. In many parts o f  the  region, econom ic d e v e lo p m e n t  has  been  m o s t  active in coastal 
zones, pu tting  enorm ous pressures  on  coastal ecosys tem s. C oasta l  an d  m arine  w a te r  pollution has 
increased throughout the w orld , m ain ly  due to  d irec t  d isch a rg es  from  rivers, increased surface 
r im -o ffan d  dra inage  from e x p an d in g  port areas, oil sp iM sand  o the r  c o n tam in an ts  from shipping, 
and dom estic  and industrial effluent. M ost o f  the w o r ld ’s w astes-  som e 20  b ill ion  tones o f  h  ayear- 
end up in the sea, often w ithout any  p re lim inary  processing .
The m ost w idely  accepted defin it ion  o f  m arine  po llu t ion  is the  o n e  dev ised  b y  th e  United Nations 
Joint G ro u p  o f  Experts on the Sc ien tif ic  A spects o f  M a r in e  P o llu tion  (G E S A M P ).  This states that 
m arine pollu tion  is ihe:- ‘in t ro d u c t io n  by  man, d irec tly  o r  indirectly, o f  su b s tan ces  o r  energy into 
the m arine  environm ent (inc luding  estuaries) resuh ing  in such  dele terious e ffec ts  as harm  to living 
resources, hazards to  hum an health , h indrance to m arine  ac tiv ities  inc luding  f ishing, impairment of 
quality  fo r  use o f  sea w ater  and reduc tion  o f  am en it ie s” . T h e re  a re  m an y  d if fe ren t  types o f  toxic 
waste  po llu tion  and m any o f  them  cause various p ro b le m s  to  m arine  life.
M A J O R  S O U R C E S  O F  P O L L U T IO N :
I here a re  m any  different types o f  tox ic  waste  po llu tion  an d  m an y  o f  th em  c a u se  va r ious  problems 
to m arine life. T he  m ajor po llu tan ts  in the  m arine  e n v iro n m en t  a re  given in  T ab le  1.
In order to  understand the im pacts o f  the coastal po llu tan ts , individual considera tion  o f  sources and 
types o f  po llu tants  are needed  an d  therefo re  are d iscussed  below:
1. S e w a g e  pollution:
The m ost im portan t p rim ary  fea ture  o f  raw  sew age  f ro m  a d isposa l  p o in t  o f  v ie w  is its ‘oxygen 
dem an d ’. T h e  oxygen  dem and is the  am ount o f  o xygen  th a t  w ill  be  co n su m ed  b y  bacteria as’they 
feed on and degrade  the sew age  w aste .  I f  the am oun t o f  o x ygen  required  is s im ila r  to, o r  greater 
than, the am oun t o f  oxygen a v a ilab le  then serious p ro b lem s m ay  arise. S ew age  genera lly  contains
large amounts o f  nitrogen and phospliates, which can icad to phytoplankton blooms. Usually excessive 
nutrient discharge into the coas ta l  w aters  will re su lt  in eutrphication. Red tides are caused by 
phjtoplankton blooms, w h ich  d ep le te  oxygen  in co as ta l  w aters  causing the  m ass death o f  aquatic 
organisms. In addition, the  a lgae  m ay  produce toxins, w h ich  cause shellfish poisoning and present 
a serious health hazard to  consum ers .  Red tides have  beco m e  a m ajor concern  in several countries.
2. Heavy metals:
Among the critical pollu tants , heavy  m eta ls  aiid p e s t ic id es  a re  m ore  co m m o n  in A sian waters. All 
natural metals occur in seaw a te r  in g rea te r  o r  lesser  am ounts .  Some, such as iron, copper, cobalt 
and zinc are essential in sm all quan tit ies  for the hea lthy  grow th  o f  m arine  organism s. Others, such 
as mercur)', lead, tin and eadniiu in  have  no  know n b io log ica l role. All m eta ls  are toxic if  present in 
excess but the most im portan t m ar in e  con tam inan ts  are genera lly  considered  to  be amongst the 
non-essentia! elements.
3. Pesticides and o th e r  p ers is ten t  o rg a n ic  ch em ica ls :
Pesticide usage has increased  du rin g  the  last th ree  d ecad es  no t on ly  in the  agriculture  sector but 
also in the vector control p ro g ram m es .  H is to rica lly  the  chem icals  that have provoked  the greatest 
concern in terms o f  their  e f fec ts  on  the  m arine  e n v iro n m e n t  are the  ch lo rina ted  hydrocarbons, 
i'hese chemicals include su c h  w ell know n  su b s tan ces  a s  the  pesticide D D T  an d  the  PCBs (used 
largely in electrical apparatus).
4. Hydrocarbons;
Oil pollution is a s ignificant p ro b lem  a long  m ajo r  sh ip p in g  routes and an  increasing  number o f  
accidents have occurred in rcccn t  years. T h e  total g lo b a l  p roduction  o f  c rude  o il is about 3 billion 
tonnes per year and ap p ro x im a te ly  h a l f  o f  th is  is t ran sp o r ted  by  sea. T h is  m ean s  tha t  on any given 
day there are approximately 8 .25 million tonnes afloat around the oceans. A ccord ing  to  one estimate, 
between (1.05 and 0.1 p c rccn t  o f  the  s e a ’s su rface  is covered  with an  o il f i lm  at any one time. 
Recent, studies show that in m an y  coas t l ines  o f  the w o r ld ,  the  tar ball concen tra tions have reached 
levels ofkilograms per m e te r  a rea  o f  bcach.
5. Radioactivity:
Radiation is another m a jo r  to x ic  po llu t ion  source  in  th e  ocean  but it is less  w ell understood. The 
oceans contain appreciab le  a m o u n ts  o f  rad ioac tive  m ater ia ls ,  w hich  der ive  from  natural sources 
within the atmosphere and  w ith in  th e  earth . A d d ed  to  th is  natural rad ioactiv ity  is a mixture o f  
artitlcial radioacti\e substances  d e r iv in g  from a tom ic  w eapons  testing, o the r  m ilitary activities and 
peaceful uses o f  nuc lear  energy . A tm o sp h er ic  and  u n d e rw a te r  tests o f  a tom ic  w eapons are a 
major source o f  rad ioactiv ity  re a c h in g  the  oceans .  O th e r  sources a re  n o w  m ore  important and 
siiclude waste d ischarges f ro m  n u c lea r  fuel rep ro cess in g  plan ts  and nuc lea r  pow er generating 
reactors, dumping o f  low  leve l rad ioac tive  w as te  a t sea  and accidental d ischarges such as the 
iinplanned return to earlh  o f  n u c le a r  pow ered  sa te l l i te s  and the  loss o f  n u c lea r  powered.
6 . T h erm a l pollution:
Therm al pollu tion  affects the o cean  in a negative way. Increases in w ater  tem perature  causes a 
change (lowering) o f  dissolved oxygen levels. This d isrupts the body o f  w a te r ’s ecologicai balance, 
resulting in the suffocation o f  som e  plant and animal species w hile  encourag ing  the overgrowth of 
others. T h e  overgrowth and suffocation  causes a cascade  reaction  w'ith o the r  organism s that are 
dependan t on the ones that d o n ’t survive and witli o rgan ism s tha t  now  have  to  com pete  with the 
overgrow ing organisms.
7. So lid  wastes:
Solid w aste  takes the form o f  plastics, metal, paper, an d  g lass  th row n o r  w ash ed  into the ocean in 
mass quantities. Plastic, because o f  its strength, durab ili ty  and buoyancy  m akes  up  the  greater part 
o f  all debris found in the ocean and is by  far the m ost harm ful. M arine  m am m als, birds, turtles, fish, 
and crabs can  often becom e en tang led  in plastic loops, s tr ings and bands tha t  c an  entangle them, 
w ound them  o r  prevent them  from  swimming.
B IO M A G N I F I C A T I O N :
IVlarine f lo ra  and fauna accum ula te  contam inants from  the  im m edia te  en v iro n m en t (seawater or 
sedim ent) and this process is ca lled  b ioaccum ulation. B iom agnifica tion  is a phenom enon  where 
levels o f  tox ic  pollutants (such a s  heavy  metals and F C B ’s) increase as we m o v e  up the food 
chain (sec Figure 1). This can  a lso  be ca lled  b io am pii t lca t ion . This happens  because primary 
producers on ly  absorb small am oun ts  o i 'toxins. O rg an ism s  tend  no t to  get rid o f  the  toxins within 
them, so it accum ulates over the  coarse  o f  their lil'e, W h e n  one organism  ea ts  m an y  organisms 
which each contain som e heavy  metals , the m etals  a ccu m u la te  even fas te r  w ith in  it. But, then 
herbivores cat m any prim ary p roducers , so they accu m u la te  a h igher concen tra t ion  o f  toxins. And 
then consum ers  that eat the affected  herbivores co n su m e r  even h igher levels o f  toxins.
B IO A C C U M U L A T IO N  B Y  M U S S E L S :
Bivalve m olluscs such as oysters and m usse ls  are f i l te r  feeders  that a ccu m u la te  contaminants 
directly from the water column o r  via ingestion o f  contam inants  adsorbed to  phytoplankton, detritus, 
and sed im ent particles. They  are eff ic ien t b ioaccum ula to rs  o f  heavy' metals , po lycyc lic  aromatic 
hydrocarbons (PA Hs) and o the r  organic  com pounds, and b e cau se  they  a re  sessile  th ey  may reflect 
local contam inant concentrations m ore  accurately than m ore  m ob ile  crustacean  o r  fin-fish species. 
Thus, shellfish  serves as an im portan t ind icator o f  co n tam in a ted  sed im ents  and w a te r  qualit\' and 
IS frequently  included as part o f  com prehensive  env ironm en ta l  quality  m on ito r ing  programs.
The green mussels {Pcrna vindis) are widely distributed in the  A sian coastal waters, and recognized 
as com m ercially  valuable seafood in this zone. M ussels a re  h igh ly  suitable for cu ltu re  in the coastal 
areas. B eing  filter feeders, they occupy  a jow  position  in th e  food  chain , m ak ing  th e i r  exploitation 
a very econom ic utilization o f  the primary production available  in coastal waters. M oreover, mussels 
have high protein content, averag ing  67%  o f  the body  w eigh t,  w h ich  is c o m p arab le  to  the other 
food Items o f  higher trophic levels  and th is  underscores its im portance  as a so u rc e  o f  inexpensive
animal protein. It is for these  reasons  tha t  m u sse ls  a re  an  im portant part o f  A sian  diet. I f  humans 
consume contaminated she llf ish  spec ies  c ither  in la rge  quantities  o r  over  a sustained period o f  
lime, there is a risk that both acu te  an d  chronic  e ffec ts  (such  as chemical po ison ing  and long-term 
systemic effects) related to  spec if ic  con tam inan ts  can  occur. Hence, in o rde r  to  protect public 
health, it is required to adopt appropria te  surveillance  m easures  regarding the presence o f  chemical 
contaminants in foodstuffs, e spec ia lly  mussels,
fhe stomach o f  bivalves is su rro u n d ed  by  a re la t ive ly  large d igestive g land . T h e  digestive gland 
formed by a vast n u m b e ro f  blind ending  tubules, the  d igestive  diverticula. T h is  organ is involved in 
several functions including the  ex trace llu la r  and in trace l lu la r  digestion o f  food , s torage o f  lipids, 
glycogen and minerals; it is a lso  the  m ain  s ite  o f  n u tr ien t  absorp tion  and p lays a  m ajor role in 
detoxification. Recently, it is identified  as a m a jo r  s ite  o f  accum ulation o f  contam inants. M aximum 
tissue concentrations o f  co n tam in an ts  are rep o r ted  in the  d igestive gland com pare  to  the other 
body parts In bivalves inc lud ing  m ussels . Hence, it is recom m ended  to  rem ove  the digestive gland 
before using bivalves o f  suspec ted  con tam ina tion  fo r  h u m an  consum ption. B y  a llow ing  bivalves to  
remain in clean seawater fo r  24  h rs  to  d ep u ra te  c o n tam in an ts  a lso will h e lp  to  improve the shell 
fish quality.
MUSSEL W ATCH:
Marine bivalves, such as c lam s, m u sse ls  and oyste rs  a re  w ide ly  used in u rb an  m arine  habitats to 
monitor levels ofchem icai con tam inan ts .  M ussels  m a y  hold  o n e  o f  the m ain keys to  the monitoring 
of ocean pollutants. B ecause  th ey  co n cen tra tc  c h em ica ls  from  their su rround ings  m aking the 
chemical analyses sim pler and  less p ro n e  to  e r ro r  th a n  th a t  fo r  water, they  s lay  in a single location 
ralher than swim around, and th e y  are fairly re s is tan t  to  chem ica l  con tam ina tion  and can be found 
living in areas where less h a rd y  spec ies  m ay be  a b se n t  (S ee  Table  2). M ussel watch  program is a 
study designed to system atica lly  m o n ito r  env ironm en ta l  contam inants  in th e  so f t  t issue  o f  bivalves 
(mussel, oysters and c lam s) sam p led  from several loca tions  w ith in  a region, country, continents or 
part o f  the globe. The m ain  o b je c t iv e  o f  the  s tu d y  is to  a ssess  and co m p are  the environmental 
contamination within and b e tw e e n  the  s tudy  areas.
Blue mussels (M ylilns eduHs) have  been  used ex tens ive ly ,  in U SA , U K , Europe, and elsewhere, 
as sentinel indicator sp cc ies  fo r  m on ito r ing  e x p o su re  to  chem ical con tam inan ts  (Table 3). T he  
green mussels {P enw  viric/is) h av e  been  used ex ten s iv e ly  in India, S ingapore , M alaysia, Thailand
and some other Asian co u n tr ie s  fo r  m ar in e  po llu tion  m onitoring .
INTERNATIONAL M U S S E L  W A T C H :
The genesis o f  the In terna liona l M u sse l Watch P ro jec t can  easily  be  traced  to  the  1975 M arim  
Pollution Bulletin  e d i to r i a l  w h e r e  P r o f e s s o r  E d w a r d  G o ld b e r g  o f  S c r ip p s  In s t i tu t ion  o f  
Oceanography called for a  g lo b a l  m ar in e  m o n ito r in g  p rog ram  to  serve  as a “spring board for
action" (Goldberg, 1975). In  h is  editorial. P ro f  Goldberg o u tl in ed ag lo b a l  sca le  monitonng program
based on the sentinel o rg an ism  c o n c e p t  tha t  is c a p a b le  o f  de tec ting  trends  m  concentrations o f
several important m a r i n e  contaminants.Since the m i d - 1 9 7 0 ’s, sc ien t is tso fsev e ra Ico u n tr .e s  have
used bivalve filter-feeding m ollusks to monitor for se lected  chemical contaminants in coastal marine 
waters. Such contamination o f  coastal waters might result in chemical changes that are deleterious 
over the  long term , to  both the  integrity  o f  the coasta l env ironm en t and to  hum an  health. Because 
o f  their  seden ta ry  habits and th e ir  ability  to b ioconcen tra te  the  po llu tants  o f  interest, mussels and 
other bivalve species appear to  be appropriate sentinel organisms. This approach to  marine monitorina 
has been successfully  applied  in several national and reg ional p rogram s in Europe, Taiwan, India, 
C anada and the  United States and an extensive sc ien tif ic  l iterature  has  been  generated from this 
works. T he  mussel watch approach  has been ad o p ted  as o ne  o f  several coasta l environmental 
quality  m onitoring  strategies by  United N ations p ro g ra m s  and  the  In ternational Mussel Watch 
P ro ject w as  created to build on  th is  cum ulative  experience .
T he  In ternational O ceanographic  C om m ission  (IO C ), in co llabo ra tion  w ith  the  United Nations 
E n v iro n m e n t  P ro g ra m  (U N E P )  a n d  th e  U .S . N a t io n a l  O c e a n o g r a p h ic  and  Atmospheric 
A dm m istra tion  (N O A A ) have supported  the  crea tion  o f  the  In te rna tiona l M u sse l  Watch Project 
and com pleted  an initial m onito ring  program  in the  L a tin  A m e r ic a  reg ion , inc luding  central-South 
A m erica  and the w ider C aribbean  area  including M ex ico , in 1991-92 (F igure  2). T he  program has 
been d irected  by the In ternational M usse l Watch C o m m it te e  and  coo rd ina ted  and  administered by 
the  P ro je c t  S ec re ta r ia t  o f f ic e  b a se d  a t  the  C o a s ta l  R e s e a r c h  C e n te r  o f  t h e  Woods Hole 
Oceanographic  Institution.
A nother program , the A sia-Pacific  m ussel w atch  p ro g ra m  (A P M W ), w as  s tarted  in i 994 under 
the um brella  o f  the International M usse l W atch-A sia  P a c if ic  P hase ,  a p ro jec t th a t  mainly involves 
coastal m onito ring  using sen tine l organism s such a s  m u sse ls  an d  oys te rs  a s  bioindicators in 
ascerta in ing  the quality o f  coasta l w aters  in the A s ia -P ac if ic  reg ion . T h is  p ro g ram  w as completed 
successfully  and subsequently  several A s ian  co u n tr ie s  s ta r ted  th e ir  o w n  m usse l w atch  programs. 
B IO M A R K E R  A P P R O A C H  I N  M U S S E L  W A T C H :
The m arine ecosystem is sensitive to  exposure  to  tox ic  con tam inan ts .  Pollu tants  e ither  individually
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(molecular and cellular responses ,  g row th  ra te )  a re  inc luded  and studied as part o f  mussel watch 
programs (Figure 3).
1ji recent vears, the incorpora tion  o f  b iom arkers  in to  resea rch  program s has  helped to pinpoint 
needs for remediation in d iv e rse  aqua tic  ecosystem s (e .g ., Puge t Sound, the  Venice lagoon and the 
Black Sea). However, on ly  recen tly  have  suites o f  b iom arkers  begun to  b e  included in routine 
management protocols and the ir  com bination  with chem ical analyses used to  link chemical exposure 
and biological response in situ . T he  w idesp read  im plem en ta t ion  o f  th is  app roach  has, so far, been 
limited, partly because co m p lex  analytical m e th o d s  can  m ake  detailed  stud ies  o f  contaminated 
sites expensive and t im e-consum ing  but a lso by a lack  o f  understanding  o f  h o w  biomarkers can be 
incorporated into legal instruments.
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Table  1: M arine  pollutants o f  global conceni
P o l lu ta n t D e s c r ip t io n
Pe tro leum  hydrocarbons Crude oil and so m e  o f  its refined  p ro d u c ts
Sew ag e Effects o f  sew age  pollu tion  are g en era l ly  local ones 
bu t s ew ag e  m a y  c o n ta in  s o m e  o f  t h e  o the r  toxic 
chemicals.
H alogenated  hydrocarbons Including  c o m p o u n d s  such  as D D T  an d  the PCBs 
to g e th e r  w i th  t h e i r  d e g r a d a t io n  a n d  com bustion 
p r o d u c t s  ( e . g .  p o l y c h l o r i n a t e d  d i o x i n s  and 
dibenzofiirans)
O th er  organic  compounds Endocrine  d is ru p t in g  ch em ica ls  (a lso  referred to as 
oestrogenic  ch em ica ls )
Metals Particularly  m ercury , ca d m iu m  and lead
Radionuclides Particularly c a e s iu m -137, strontium -90 and plutonium 
isotopes
Litter (Solid  waste) Particularly persistent plastics and including lost fishing 
nets
Table 2. Attributes o f bivalves (mussels, oysters and clams) as sentinel organisms
■  A correlation exists between the pollutant content o f  tlie organism and the average pollutant 
concentralion in the surrounding habitat; contaminant concentration factors of many-fold 
(over seawater concentrations) are common.
Bivalves are cosmopolitan, minimizing the inherent problems which arise when comparing 
data from markedly different species; this issue will be more important in tropical areas.
Bivalves have reasonably high tolerance to many types o f  pollution and can exist in habitats 
contaminated within much o f the knovm range o f  pollution.
Bivalves are sedentary generally and better representative o f  the study area than mobile 
specics.
Bivalves often are abundant in relatively stable populations that can be sampled repeatedly 
throughout the study region.
Many bivalve species are sufficiently long-lived to allow  the sampling o f  more than one 
year-class, if  desired.
Bivalves are often o f a  reasonable size, providing adequate tissue for analysis.
Bivalves are easy to sam ple and hardy enough to survive in the laboratory, allowing 
defecation before analysis (if  desired) and laboratory studies o f  pollutant uptake.
1 Several bivalve species tolerate a range o f salinity and other environmental conditions, 
making them hardy enough to be transplanted to other areas for experimentation.
■ Bivalves are generally metabolically passive to the contaminants in question and not alter 
the chemical after uptake; uptake by tlie organism provides an assessment of bioavailability 
from environmental compartments.
■ Bivalves are commercially valuable seafood and a  measure of chemical contamination is o f 
public health interest.
Table 3. Concentration o f  O rganic  (ppb) and Metal (p p m ) contaminants in w ho le  tissue (dry weight) 
of Mylilus edulis co llec ted  from  Puget S ound , W ashington, d u ring  Septem ber 21-24 , 
1 9 9 2(K rishnakum are ta ! .  1999).
S i t e s
F o u r
Hoglc C o rn n ie x K « c n e n t M U e S l n d o i r O o k S d i w a t « r
C o u p e v U le
D o u b le
C o n t^m ln o jtts H a r b o r B a y S e o c r e s t R o c k I n k t B a y P a r k B lu ff
P o lvrycll: o ra -
m ailc
iiydrocQT*
bons
P henan-
IT 2 0th rc n e 9 ,000 3 3 0 no ISO 24 14
IS
FiL uron theiie 15 .000 2 0 0 0 S IO 3C0 4 9 17 37 2 0
23
B ecao ia lpy ' t 1
reii# M Q 50 IS I I 3 1 1 1 1
Total H M W  
T A H s' C4.U0G 5 8 0 0 JCOO 114 0 2 2 0 no 170 1 3 0
120
C hlorm auid
hyrfrocar-
bor\s
fo ly c h lo n -
iiLit£>d
b)phen)1s^ 4 0 0 4 0 0 5 0 0 2 0 0 ISO CO
11
140
A
5 0
11
5 0
11
Total D D T s' 21 2 0 28 in 15 U
O th e r  p esii-  
c id e s ' 16 33 22 17 11
10 17 12 11
M s u l s
ArsfinJc
Codrm ufn
M ercury
L e id
3 .0
3 .5
0 £ 4
0.9 4
3 .6
4 .3
0 .2 3
12 .0
3 .3
5 .3  
O.CS
1.4
3 .7
4 .6
0 .1 3
1.S
2 .7
2 .8  
0 .2 0  
0 .9 5
5.4
5 .2
0 .1 9
0.5S
3.1
3 .8
0 .3 9
0 .5 5
3 .2
3 .5
0 ,0 5
0.8E
3 2
2 .6
0 .3 7
0 .4 1
' I  M o lo c u W  P A H ,  i n c l u d e ,  , h c  s u m m e d  c o n c . « r » U o n ,  f o r  t h e  r o l l o ^ , | «  o r g a n ic
a n t h r a t . r - . o n d  2 .n K (l.y ln m .h lh = le n » . fluor< > nthen ., R T e r  , b e n » la ) i> n th ,» » n e . c h r j ^ ,
a n l h t w s .b c n a i l a l p y r e n e .  i n d c n o | 1 .2 . 3 . < . d |p y r o n e .  d l b e n i o l o i i |o n t h r o c e n p .  a i d b e n z c l s . h , l . ] [ » r y l e n e .
 ^rovchJoflnfli« | b lph«ny is n ieA S w ed  a s  A r o c b r  1254. n n o  a  l ^ n n
 ^Tola) D D T s I f t l u d e  t h e  s u m m e d  c o n c e n i r o i t o m  o f  i h c  f c U o w in s  c w n p o u n d a :  D I JT . V U H .a r v l  U U U  . i s n d a r a
'  in c lu d e  , l « . s u n , n « l  . o « . n . r a U < . „ s o t  t h e  I o l l o * l r g « m p < ^  ^ d r i . u  c h l o r d a n e .  d l d d r l a  t w p U K h l p r . ^ d
Figure 1. T he  b iom agnifica tion  poten tia l o f  
m ercu ry  th ro u g h  m arine  food ch a in  and  hum an  risk.
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Figure 2. Mussel sa m p l in g  locations a long  th e  coasta l waters o f  A m erican  com m ent 
(N o r th  and  S ou th )  for the  f i rs t  m usse l w atch  study.
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Figure 3. Relationship between lysosomal m em brane s tability  (a  biomarker) and tissue concentration 
o f  h .gh m o lecu la r  w eight PA H s o f  m usse ls  (M ylilus edulis) f ro m  u rban -assoc ia ted  and reference 
sites in Pugel Sound, U SA  (K rishnakurnar  et al. 1994).
